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Our present knowledge of the Th distribution at sensitive in detail but not in general aspect to choices
the Moon’s surface is sketchy. It consists mainly of of model parameters (see[12]).
two bands of data taken by the Apollos 15 ang-i&y Proportions of Imbrium ejecta in deposits near
experiments [1, 2], augmented by ground-truth the basin rim are high mainly because ejecta landing
measurements on Apollo and Luna samples and orthere have low velocities and impact the surface
lunar meteorites [3]. Gamma-ray maps show a broadrelatively gently, and because the surface density of the
area of high Th concentration in the Imbrium- infalling ejecta is high; little substrate is thus mixed
Procellarum region, which we refer to as the High-Th into the deposits. At greater distances, infalling ejecta
Oval Region [4]. The Imbrium impact occurred within excavate more substrate per mass of ejecta fragments,
this region. Here, we show that the global pattern ofand surface densities of ejecta are lower; ejecta
highland surface Th concentrations is consistent withdeposits consist mainly of substrate. Coverage of the
that expected for Imbrium ejecta deposits. Outside oflunar surface by Imbrium deposits would be more
the High-Th Oval Region itself, Imbrium ejecta heterogeneous than the average values given by the
produced deposits that are a mixture of Th-rich model because ejecta travelling distances of a fgw R
Imbrium ejecta and Th-poor, pre-existing crustal or more mainly congregate into rays. Deviation from
material. Inside the High-Th Oval Region (including average conditions for a lunar basin the size of
the Apollos 12 and 14 sites), Imbrium ejecta mixed Imbrium is not a major concern for the comparisons
with Th-rich crustal material. We suggest that exceptmade here because Th concentrations were averaged
where younger Orientale ejecta diluted them, or mareover large areas of the Moon’s surface by the Apgllo
basalt flows covered them, Imbrium ejecta depositsray experiments. Some deviations from the average are
remain largely intact. Later gardening of their surfacesexpected, nonetheless; they should be greatest at the
has not obscured the pattern of their Th broad region where the curves in Fig. 1 are near their
concentrations. minima (roughly, 2,000 to 4,000 km from Imbrium).

Imbrium ejecta were voluminous. If the Beyond ~4,000 km, rays converge, so deposit
excavation cavity was standard (depth/diameter ~0.1lthicknesses and proportions of Imbrium ejecta
and a parabolic shape less ~10 vol%, [5]), ejecta fromincrease, achieving high values near the antipode [14].
the smallest Imbrium event (transient crater radius, Fig. 2 shows the predicted proportions of
Ry, 335 km, e.g.,[6]) would have covered the Moon’s Imbrium ejecta in the deposits as a function of distance
surface to a depth of ~280 m and ejecta from thefrom Imbrium. These proportions decrease with
largest (R 485 km) to a depth of ~850 m, if distance up to ~3,800 km. Beyond that point, the
distributed uniformly (not including dilution through proportion of Imbrium ejecta in the deposits increases
mixing with substrate (i.e., the materials onto which owing to ray convergence. Th concentrations of those
the ejecta fell). The distribution is not uniform, of deposits can be estimated if average Th concentrations
course, but falls off exponentially away from the of the Imbrium ejecta and the preexisting substrate are
transient crater rim. Material from the Imbrium Basin assumed (Fig. 2). We use 5 ppm for the ejecta (in the
should thus be found moonwide in substantial range of Th-rich mafic impact melt breccias [Avg. 7 £
amounts. As the ejecta originated in the High-Th Oval4, [15]), and 0.1 ppm for the substrate. Fig. 2 also
Region, they should be (for the Moon) rich in Th. The shows Th concentrations determined by the Appllo
probable contribution of lunar nearside ejecta to the Thray experiments [16] for highland regions lying
budget of the farside highlands has been noted byutside the High-Th Oval Region. Most data points
others [e.g., 7], but not quantitatively. fall between the two theoretical curves. The data show

Here, we model the thickness of Imbrium ejecta the predicted steep decrease with distance from
deposits as a function of distance from the Imbrium Imbrium, the broad minimum, and the rise caused by
crater, using the equations of crater scaling [8-12]. Weray convergence beyond about 4,000 km. A spike of
assume ballistic transport of primary ejecta fragments,high Th concentrations occurs near the Van de Graaff
which produce secondary craters when they impactcraters not far from the antipode; these high Th
into the Moon’s surface [e.g., 13]. This produces concentrations can in principle be reached by the
global ejecta deposits that consist of mixtures of ejectaconvergence of ejecta [14].
and substrate. Fig. 1 shows the predictagtrage Data from two regions fall below the lower
deposit thicknesses as a function of distance from theurve: the “western limb” and the “western farside”
primary crater for values of Pf 335 and 485 km. For (nomenclature of [16]). At the western limb, the
each value, these predictions should be accurate t®rientale Basin and its ejecta deposits cover or dilute
about +50%. The modelling was done for a singlethe Imbrium deposits. The lower than expected Th
gjecta launch angle of 40 modelling results are concentrations suggest that the Orientale event did not
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excavate into Th-rich material such as we propose forconcentrations [18, 19] do not correlate with Th
the High-Th Oval Region. Most points for the western concentrations, however. Meteoritic and mare basalt
farside also fall below the theoretical curve. components of the highland regolith are responsible
Interpreted in terms of the suggested Imbrium origin for part of the discrepancy but not all of it. Mafic
for most of the Th in the highlands, the western highland materials excavated from basins other than
farside highlands along the groundtrack of theay Imbrium appear to be present. If so, this result
experiment may be a region with a lower than averagestrengthens the case for an Imbrium source of most
amount of Imbrium rays. Alternatively, the ejecta lunar surface Th (and K), because it suggests that
landing in that area may have been less Th-rich tharother impacts excavated deeply enough to extract Fe-
the average value used in the modelling. There is ndearing mafic materials, but that those materials did
similar dearth of Th for the “highlands eastern limb” not contain appreciable Th. Th data from the Lunar
region at the same distance from Imbrium as theProspector should test these possibilities.
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Fig. 1. Modelled average thickness of Imbrium ejecta deposits versus distance from the center of the Imbrium basin.
Fig. 2. Curves show estimated percent of Imbrium ejecta and ppm Th in the deposits (assuming 5 ppm for Imbrium ejecta)
versus distance from the center of the Imbrium basin. Data points from the Apollos 15 and 16\erajtiegperiments [2].



